Introduction
Many metal bel lows are used on storage ring vacuum chambers. They allow the ring to accomodate deformations associated with alignment, mechanical assembly and thermal expansion. The NSLS has two such electron storage rings, the VUV ring and the X-Ray ring. Both rings utilize a number of welded metal bellows within the ring and at every beam port.
There are provisions for 16 beam ports on the VUV and 28 ports in the X-Ray ring. In more conventional bellows applications, tierods are used to counteract the axial pressure loads. This method, however, is not appropriate in our case due to relatively large thermal deflections which the evacuated structure experiences, as discussed below.
Thermal Deformations of Vacuum Chamber
In situ bakeout of vacuum chambers to desorb surface gas molecules is a requirement for any system which expects to run in the 10-9 Torr range.
For our aluminum chambers, bakeout is done at 150 to 175 degrees celsius. Thermal expansion calculations for the NSLS VUV and X-ray rings (see figures 1 and 2 have shown that the beam ports can either "grow" or "shrink " from room temperature position, depending on their location relative to the vacuum chamber anchors points. Additionally, movement in the radial direction occurs which must also be accommodated. The design requirement ideally was to provide a simple mechanism to exert a force counteracting that tending to collapse the bellows yet also allow for relative movement across the bellows to accomodate thermal deformations.
The solution selected was that of spring assemblies having relatively low spring constants which could be preloaded to balance the axial pressure force. The spring constant would be low enough so that additional deflection, either positive or negative, would not change the preload by an appreciable amount. Additionally, the device would be guided so that lateral deflections of the bellows are allowed. figure 3) . This severely limited the available space and precluded the possibility of using conventional helical springs.
An alternate choice was to use belleville washers. These disk springs can exert considerable force while requiring only a small volume. They can also be arranged in series to decrease their effective spring constant.(see Fig. 4 Table 2 shows the predicted loads exerted on a beam port flange during bake out. 
